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(54) Power distribution control system for a vehicle 



(57) A power distribution control system for a vehi- 
cle, in which a front/rear drive-force distribution control 
unit computes a torque-response-torque, a revolution- 
difference-response-torque and a yaw-rate feed back 



torque. When a torque down command by a traction 
control is not outputted to an engine control unit, and a 
braking force control is not active, a transfer clutch 
torque is setted as defined by a predetermined equation. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a power dis- 
tribution control system in use tor a vehicle (i.e. a 4 
wheel-drive vehicle), which performs an appropriate 
control when a traction control unit, a braking force con- 
trol unit operate for controlling a vehicle motion behav- 
ior. 

[0002] Recent vehicles are provided with a vehicle 
motion control unit, such as a traction control unit or a 
braking force control unit. The traction control unit se- 
cures improvements of acceleration, maneuvering sta- 
bility and vehicle motion stability, when the vehicle starts 
to move by suppressing drive wheel spin. The braking 
force control unit appropriately controls a vehicle motion 
when the vehicle turns by applying a braking force to the 
wheel selected as intended. 

[0003] Where the vehicle motion control unit is incor- 
porated into the 4-wheel drive vehicle, the control by the 
vehicle motion control unit interferes with the control by 
a power distribution control system for the 4-wheel drive 
vehicle. Sometimes, this brings about an unfavorable 
situation for the vehicle. To cope with this, there is a pro- 
posal of a 4-wheel drive vehicle in which the 4-wheel 
drive is forcibly switched to a 2-wheel drive when the 
slip control is active (Refer to Japanese Patent Unex- 
amined Publication No. Sho. 61 -37541). 
[0004] However, when the 4-wheel drive is switched 
to the 2-wheel drive at the instant that the slip control 
becomes active, the running performance will deterio- 
rated. When the 4-wheel drive is switched to 2-wheel 
drive, the vehicle characteristics abruptly change, and 
the driver may, be very disconcerted. 
[0005] Accordingly, an object of the present invention 
is to provide a power distribution control system in use 
for a 4-wheel drive vehicle, in which even when a vehicle 
motion control unit operates and performs a vehicle mo- 
tion control, an optimum power distribution control is 
continued without any excessive interference with the 
vehicle motion control, whereby excellent drivability is 
maintained without disconcerting the driver. 
[0006] The above object can be achieved by a power 
distribution control system for a vehicle(i.e. 4-wheel 
drive vehicle), according to a first aspect of the present 
invention, comprising a vehicle motion controller for 
controlling a motion of the vehicle, a power distribution 
controller and a clutch of a torque transmission capacity 
variable type operated by an operating torque set by the 
power distribution controller. The power distribution con- 
troller includes first torque setting means, second torque 
setting means and operating torque setting means. The 
first torque setting means computes a torque-response- 
torque that is based on an input torque received from a 
drive source and distributed to front and rear shafts. The 
second torque setting means computes a revolution-dif- 
ference-response-torque based on a revolution-differ- 
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ence between a front shaft and a rear shaft. The oper- 
ating torque setting means computes the operating 
torque using at least the torque-response-torque and 
the revolution-difference-response-torque. When the 
5 vehicle motion controller operates, the operating torque 
setting means computes the operating torque except 
the revolution-difference-response-torque. 
[0007] The object of the invention may also be 
achieved by a power distribution control system for a 
io vehicle (i.e. 4-wheel drive vehicle), according to a sec- 
ond aspect of the present invention, comprising a vehi- 
cle motion controller for controlling a motion of the ve- 
hicle and a clutch of a torque transmission capacity var- 
iable type operated by an operating torque set by the 
15 power distribution controller. The power distribution con- 
troller includes first torque setting means, second torque 
setting means, yaw-rate feedback torque setting means 
and operating torque setting means. The first torque set- 
ting means computes a torque-response-torque that is 
20 based on an input torque received from a drive source 
and distributed drive power to the front and rear shafts. 
The second torque setting means computes a revolu- 
tion-difference-response-torque based on a revolution- 
difference between a front shaft and a rear shaft. The 
25 yaw-rate feedback torque setting means for computing 
a yaw rate feedback torque based on a yawing state of 
the vehicle. The operating torque setting means for 
computing the operating torque using at least the 
torque-response-torque, the revolution-difference-re- 
30 sponse-torque and the yaw rate feedback torque. When 
the vehicle motion control means operates, the operat- 
ing torque setting means computing the operating 
torque except the revolution-difference-response- 
torque and the yaw rate feedback torque. 
35 [0008] The object of the invention may also be 
achieved by a power distribution control system for a 
vehicle(i.e. 4-wheel drive vehicle), according to a third 
aspect of the present invention, in the first or second 
aspect of the present invention, the vehicle motion con- 
40 troller controls a motion of the vehicle as intended by 
detecting a tendency of oversteer of the vehicle and a 
tendency of understeer of the vehicle, and the operating 
torque setting means computes the operating torque, 
when the vehicle motion control means operates, in 
45 such a manner that correction quantities based on the 
oversteer and understeer tendency are added to the op- 
erating torque. 

[0009] The object of the invention may also be 
achieved by a power distribution control system for a 

so vehicle (i.e. 4-wheel drive vehicle), according to a forth 
aspect of the present invention, in the first or second 
aspect of the present invention, each the correction 
quantity is selected depending on at least either of a ve- 
hicle speed and a road surface friction coefficient. 

55 [0010] The object of the invention may also be 
achieved by a power distribution control system for a 
vehicle (i.e. 4-wheel drive vehicle) . according to a fifth 
aspect of the present invention, in the first or second 
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aspect of the present Invention, the operating torque 
setting means introduces a prescribed delay into a var- 
iation of the operating torque, when the operating torque 
is varied with the operation of the vehicle motion con- 
troller. 

[0011] In the power distribution control system, ac- 
cording to the first aspect of the invention, the power 
distribution control means computes a torque-re- 
sponse-torque, which is based on an input torque re- 
ceived from a drive source for distributing the drive pow- 
er to the front and rear wheels, by the first torque setting 
means. The power distribution control means computes 
a revolution-difference-response-torque based on a 
revolution-difference between the front shaft and the 
rear shaft by the seco nd torque setting means. The pow- 
er distribution control means computes a operating 
torque using at least the torque-response-torque and 
the revolution-difference-response-torque by the differ- 
ential torque setting means. Then a torque transmission 
capacity variable type clutch means is operated by the 
operating torque, so as to distribute drive power to the 
front and rear wheels. When the vehicle motion control 
means operates for controlling a vehicle motion as in- 
tended, the operating torque setting means of the power 
distribution control means computes the operating 
torque, except the revolution-difference-response- 
torque. The computed operating torque controls the 
torque transmission capacity variable clutch means. Ac- 
cordingly, even when the vehicle motion control unit op- 
erates and performs a vehicle motion control, an opti- 
mum power distribution control is continued without any 
excessive interference with the vehicle motion control, 
whereby an excellent drivability is secured without giv- 
ing the drive any uncomfortable feeling. 
[0012] In the power distribution control system, ac- 
cording to the second aspect of the present invention, 
the power distribution control means computes a 
torque-response-torque, which is based on an input 
torque received from a drive source for distributing the 
drive power to the front and rear wheels by the first 
torque setting means. The power distribution control 
means computes a revolution-difference-response- 
torque based on a revolution -difference between the 
front shaft and the rear shaft by the second torque set- 
ting means. The power distribution control means com- 
putes a yaw rate feedback torque based on a yawing 
state of the vehicle by the yaw-rate feedback torque set- 
ting means. The power distribution control means com- 
putes a operating torque using at least the torque-re- 
sponse-torque by the operating torque setting means. 
Then, the torque transmission capacity variable type 
clutch means is operated by the operating torque, so as 
to distribute drive power to the front and rear wheels. 
When the vehicle motion control means operates for 
controlling a vehicle motion as intended, the operating 
torque setting means of the power distribution control 
means computes the operating torque, except the rev- 
olution-difference-response-torque and the yaw rate 



feedback torque. The computed operating torque con- 
trols the torque transmission capacity variable type 
clutch means. Accordingly, even when the vehicle mo- 
tion control unit operates and performs a vehicle motion 
5 control, an optimum power distribution control is contin- 
ued without any excessive interference with the vehicle 
motion control, whereby an excellent drivability is se- 
cured without giving the drive any uncomfortable feel- 
ing. 

to [0013] In the power distribution control system, ac- 
cording to the third aspect of the present invention, when 
the vehicle motion control means controls a motion of 
the vehicle as intended by detecting a tendency of over- 
steer of the vehicle and a tendency of understeer of the 

15 vehicle, and the operating torque setting means com- 
putes the operating torque in such a manner that cor- 
rection quantities based on the oversteer or understeer 
tendency are added to the operating torque when the 
vehicle motion control means operates. The vehicle mo- 

20 tion control means also prevent the oversteer or the un- 
dersteer tendency. 

[0014] In the power distribution control system, ac- 
cording to the forth aspect of the present invention , each 
correction quantity is selected depending on at least ei- 
25 ther of a vehicle speed or a road surface friction coeffi- 
cient. According to this correction quantity, the control 
precision is higher. 

[0015] In the above power distribution control sys- 
tems, according to the fifth aspect of the present inven- 

30 tion, the operating torque setting means is introduced a 
delay into a variation of the operating torque, when the 
operating torque is varied by the operation of the vehicle 
motion control means. A variation of the operating 
torque with the operation of the vehicle motion control 

35 means is made as gentle as possible, so that a variation 
of the vehicle characteristics caused by the variation of 
the power distribution to the front and rear wheels is 
made gentle. 

[0016] The preferred embodiments of the present in- 
40 vention will be described with reference to accompany- 
ing drawings. Figs. 1 to 4 are diagrams showing the pre- 
ferred embodiments of the present invention. Of those 
figures, Fig. 1 is a block diagram showing an arrange- 
ment of an overall power distribution control system of 
45 a vehicle. Fig. 2 is a functional block diagram showing 
a front/rear drive force distribution control system. Fig. 
3 graphically represents a variation of transfer clutch 
torque when a traction control operates. Fig. 4 is a flow 
chart of a front/rear drive force distribution control. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

55 Fig. 1 is a block diagram showing an arrangement 
of an overall power distribution control system of a 
vehicle; 

Fig. 2 is a functional block diagram showing a front/ 
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rear drive force distribution control unit; 
Fig. 3 graphically represents a variation of transfer 
clutch torque when a traction control operates; and 
Fig. 4 shows a flow of a front/rear drive force distri- 
bution control. 

DETAILED DESCRIPTION OF THE INVETNION 

[0018] In the Fig. 1 , reference numeral 1 indicates an 
engine disposed at a front part of a vehicle. A drive force 
generated by the engine 1 is transmitted from an auto- 
matic transmission apparatus 2 (including a torque con- 
verter), which is disposed at a rear portion of the engine 
1 , to a transfer 3 through an output shaft 2a of the trans- 
mission apparatus 2. 

[001 9] Further, the drive force transmitted to the trans- 
fer 3 is inputted to a rear-wheel final reduction gear de- 
vice 7, through a rear drive shaft 4, a propeller shaft 5, 
and a drive pinion shaft part 6. The drive force is also 
inputted to a front-wheel final reduction gear device 11, 
through a reduction drive gear8, a reduction driven gear 
9, and a front drive shaft 10 serving as a drive pinion 
shaft. The automatic transmission apparatus 2, the 
transfer 3, and the front-wheel final reduction gear de- 
vice 11 are all provided in a case 12, 
[0020] A drive force inputted to the rear-wheel final 
reduction gear device 7 is transmitted through a left rear- 
wheel drive shaft 13rl to a left rear-wheel 14rl, and is 
transmitted through a right rear-wheel drive shaft 13rr 
to a right rear-wheel 14rr. A drive force input to the front 
wheel final reduction gear device 11 is transmitted to a 
left front-wheel 1 4f I through a left front-wheel drive shaft 
13fl, and is transmitted to a right front-wheeM4fr through 
a right front-wheel drive shaft 13fr. 
[0021] The transfer 3 includes a wet-type multiple disk 
clutch 15 (transfer clutch) and a transfer piston 16. The 
wet-type multiple disk clutch 15 functions as a torque 
capacity variable type clutch in which drive plates 15a 
disposed at a side of the reduction drive gear 8 and driv- 
en plates 15b disposed a side of the rear drive shaft 4 
are alternately arranged. The transfer piston 16 varies 
a transfer clutch torque of a transfer clutch 1 5. Thus, the 
vehicle of the embodiment is the 4-wheel drive vehicle 
of a front-engine/front drive basis in which a torque dis- 
tribution ratio between the front and rear wheels is var- 
ied over a range from 100 : 0 to 50 : 50 by controlling a 
pressing force by the transfer piston 16 and a transfer 
clutch torque of the transfer clutch 15. 
[0022] The pressing force of the transfer piston 16 is 
generated by a transfer clutch drive unit 40a having a 
hydraulic circuit including a plurality of solenoid valves. 
A control signal for driving the transfer clutch drive unit 
40a (= an output signal that is applied to the solenoid 
valve in accordance with a transfer clutch torque) is out- 
putted from a front/rear drive force distribution control 
unit 40 which will be described. 

[0023] Reference numeral 31a designates a brake 
drive unit of the vehicle. A master cylinder (not shown), 



which is coupled to a brake pedal operated by a driver, 
is coupled to the brake drive unit 31a. When the driver 
operates the brake pedal, the master cylinder operates 
to introduce a braking pressure into the wheel cylinders 
5 (left front-wheel wheel cylinder 17fl, right front-wheel 
wheel cylinder 17fr, left rear-wheel wheel cylinder 17rl, 
right rear-wheel wheel cylinder 17rr) of the four wheels 
14fl, 14fr, 14rl and 14rr, and those four wheels are 
braked. 

w [0024] The brake drive unit 31a is a hydraulic unit in- 
cluding a pressure source, a pressure-reducing valve, 
and a pressure-increasing valve. Also in other cases of 
the braking operation by the driver, brake pressures are 
independently applied to the wheel cylinders 17fl, 17fr, 

15 i7rl, 17rr individually in accordance with an input signal 
from a braking force control unit 31 to be described later. 
[0025] A signal outputted from a traction control unit 
33 (to be described later) is inputted to an engine control 
unit 32 for carrying out various controls of the engine 1 , 

20 such as fuel injection control. 

[0026] The braking force control unit 31 and the trac- 
tion control unit 33 are provided as vehicle motion con- 
trol means. The front/rear drive force distribution control 
unit 40 is provided as drive force distribution control 

25 means. 

[0027] The vehicle contains sensors and others for 
detecting various parameters required for the controls 
by the control units 31, 33 and 40. Specifically, wheel 
speeds (of I, cufr, curl, wrrof the wheels 14fl, 14fr, 14rl, 14rr 

30 are detected by wheel speed sensors 21 f I, 21 fr, 21riand 
21 rr, and inputted to the control units 31 , 33 and 40. A 
steering angle 6H is detected by a steering angle sensor 
22. A yaw rate 7 is detected by a yaw rate sensor 23. 
Then the outputted signals from those sensors are in- 

35 putted to the braking force control unit 31 and the front/ 
rear drive force distribution control unit 40. The engine 
control unit 32 outputs the number of engine revolutions 
Ne and an engine torque Te to the front/rear drive force 
distribution control unit 40. A transmission control unit 

40 24 for carrying out a speed change control of the auto- 
matic transmission apparatus 2 outputs a signal repre- 
senting the number of turbine rotation Nt and a signal 
representing a gear ratio V to the front/rear drive force 
distribution control unit 40. 

45 [0028] A road surface u. estimating device 25 is further 
mounted on the vehicle. The road surface \i estimating 
device 25 estimates a friction coefficient (road surface 
ji) of the road surface by a road surface n estimating 
method as disclosed in Japanese Patent Unexamined 

so Publication No. Hei 8-2274 filed by the applicant of the 
present patent application. An estimated road surface \i 
value lie is inputted to the front/rear drive force distribu- 
tion control unit 40. The road surface u, estimating meth- 
od used in the road surface u. estimating device 25 will 

55 be described briefly. Cornering powers of the front and 
rear wheels are expanded into a non-linear region and 
estimated in this region by using an equation of lateral 
motion of the vehicle, with a vehicle speed V : a steering 
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angle ft and a yaw rate Y as parameters. The road sur- 
face u. is estimated in accordance with road conditions, 
based on a ratio of the cornering powers of the front and 
the rear wheels, which is estimated for the equivalent 
cornering powers of the front and rear wheels on a high 
u. road. 

[0029] The braking force control unit 31 controls brak- 
ing forces as in the following way in accordance with 
wheel speeds tofl, tofr, corf, torr derived from the wheel 
speed sensors 21fl, 21fr, 21 rl and 21 rr, a steering angle 
GH from the steering angle sensor 22, a yaw rate T from 
the yaw rate sensor 23, and vehicle data. The braking 
force control unit 31 computes a differentiated value of 
a target yaw rate, a differentiated value of an estimated 
yaw rate on a low road surface \i ,and a difference be- 
tween those differentiated values, and computes a dif- 
ference between a actual yaw rate and a target yaw rate. 
Then, based on the se computed values, the braking 
force control unit 31 computes a target control force for 
correcting a tendency to understeer or to oversteer of 
the vehicle. In this case, to correct the tendency to un- 
dersteer of the vehicle, the rear wheel on the inner side 
as viewed in the vehicle turning direction is selected as 
a braking wheel to which a braking force is applied. To 
correct the tendency to oversteer of the vehicle, the 
front-wheel on the outer side as viewed in the vehicle 
turning direction is selected as a braking wheel to which 
a braking force is applied. A control signal is outputted 
to the brake drive part 31 a to apply a target braking force 
to the selected wheel, thereby effecting a braking force 
control. An operating signal of the braking force control 
unit 31 , viz., a signal indicating as to whether it is oper- 
ating to correct the tendency to understeer or it is oper- 
ating to correct the tendency to oversteer, is also out- 
putted to the front/rear drive force distribution control 
unit 40. 

[0030] The traction control unit 33 detects slip ratios 
of the individual wheels based on the wheel speeds tofl, 
tofr, tori, tort derived from the wheel speed sensors 21 f I, 
21 fr, 21 rl and 21 rr. When the slip ratio exceeds a deter- 
mined of predetermined slip ratio, the traction control 
unit 33 sends a predetermined control signal to the en- 
gine control unit 32 to perform a torque down control of 
the engine 1 . When the traction control unit 33 operates, 
a signal indicating that the traction control unit 33 is ac- 
tive, is outputted to the front/rear drive force distribution 
control unit 40. 

[0031] The front/rear drive force distribution control 
unit 40 receives wheel speeds tofl, cofr, tori, torr from the 
wheel speed sensors 21 f I, 21 fr, 21ri and 21 rr, an steer- 
ing angle OH from the steering angle sensor 22, a yaw 
rate Y from the yaw rate sensor 23, the number of engine 
revolutions Ne and an engine torque Te from the engine 
control unit 32, a number of turbine rotation Nt and a 
gear ratio "i" from the transmission control unit 24, an 
estimated road surface \l value u.e from the road surface 
u, estimating device 25, an on/off signal indicating 
whether the traction control is active or not, and an un- 



dersteer-tendency restricting signal, an oversteer-ten- 
dency restricting signal, or a non-operation signal from 
the braking force control unit 31. 
[0032] Then, the front/rear drive force distribution 
5 control unit 40 computes a torque-response-torque Tt, 
a revolution-difference-response-torque Ts, and a yaw- 
rate feedback torque Ty based on those input signals, 
and computes a transfer clutch torque Ttr based on 
those computed torque values. 
10 [0033] The front/rear drive force distribution control 
unit 40, as shown in Fig. 2, consists of a transmission 
output torque computing unit 41 , a first torque setting 
unit 42, a second torque setting unit 43, a yaw-rate feed- 
back torque setting unit 44, an third torque setting unit 
45, and a transfer clutch torque setting unit 46. 
[0034] The transmission output torque computing unit 

41 receives the number of engine revolutions Ne, an en- 
gine torque Te, a number of turbine rotation Nt, and a 
gear ratio "i" and computes a transmission output 
torque To by using the equation (1 ) as follows, and out- 
puts the transmission output torque To to the first torque 
setting unit 42 and the second torque setting unit 43. 

To=Te-t-i (1) 

In the above equation, T indicates a preset torque ratio 
of the torque converter. This value is obtained from a 
map containing a rotational speed ratio e (= Nt/Ne) of 
the torque converter and a torque ratio T of the torque 
converter. 

[0035] The first torque setting unit 42 receives wheel 
speeds tofl, tofr, wrl torr, steering angle 0H, gear ratio 
T , estimated road surface u value u.e, an on/off signal 
indicating whether the traction control is on or off, and 
an understeer-tendency restricting signal, an oversteer- 
tendency restricting signal, or a non-operation signal 
from the braking force control unit 31 . and a transmis- 
sion output torque To. Then, the first torque setting unit 

42 computes a torque -response-torque Tt, and outputs 
the resultant to the transfer clutch torque setting unit 46 . 
[0036] Specifically, the first torque setting unit 42 se- 
lects a predetermined drive power distribution rate Ai of 
the rear wheels for each gear ratio "i", when each case 
of that the traction control is active, and case of that the 
braking force control is active (the understeer tendency 
is under restriction, the oversteer tendency is under re- 
striction), and computes the torque-response-torque Tt 
by using the rear-wheel drive power distribution rate Ai 
and the transmission output torque To. 

Tt = Ai ■ To (2) 

[0037] The torque-response-torque Tt is corrected to 
compensate a torque decrease according to a steering 
angle of (= OH/n, wherein "n" is a steering gear ratio) to 
lessen the influence by a dragging torque by the steer- 
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ing, and corrected according to the vehicle speed V (e. 
g., an average value of the wheel speeds cofl, ofr, corl, 
orr). 

Tt = f (of) • g(V) • Tt (3) 

[0038] The torque-response-torque Tt corrected by 
the equation (3) is limited so as not to be below a pre- 
determined lower limit value for each road surface n, 
and outputs the resultant torque to the transfer clutch 
torque setting unit 46. Thus, the first torque setting unit 
42 is provided as torque-response-torque setting 
means. 

[0039] The second torque setting unit 43 receives the 
wheel speeds of I, arfr, u>rl : orr, the steering angle 6H, 
and the transmission output torque To. The second 
torque setting unit 43 computes a revolution-difference- 
response-torque Ts by using an equation (4), and out- 
puts the resultant to the transfer clutch torque setting 
unit 46. That is, the second torque setting unit 43 is pro- 
vided as revolution -difference- response-torque setting 
means. 

Ts = KT0 • f(AN - AN0) (4) 

wherein 

AN = or - cof , 

of = (<of 1 + of r)/2 

or = (or 1 + or r)/2 

of = actual rotational speed of the front shaft 
or = actual rotational speed of the rear shaft 

[0040] ANO is a rotational speed difference (basic ro- 
tational speed difference) which is inevitably caused by 
a relationship between the steering angle of and the ve- 
hicle speed V. It is computed in the following way by us- 
ing a vehicle motion model. 

Turning radius peg of the vehicle gravity center 

= (1 + A- V 2 ) • (U(eH/n)) (5) 



Slip angle peg of the vehicle gravity center = 
((1 .(m/(2.L)).(Lf/(Lr.Kr)).V 2 )/ 

(1 + A -V 2 )) . (Lr/L) • (GH/n) (6) (6) 

wherein 

A : stability factor 
m : vehicle mass 



L : wheel base 

Lf : distance between the front shaft and the vehicle 
gravity center 

Lr : distance between the rear shaft and the vehicle 
5 gravity center 

[0041] From the equations (5) and (6), we have 

w Turning radius pf of the front shaft = peg + 

Lf • (sin (peg)) (7) 



Turning radius pr of the rear shaft = peg - 

Lr- (sin (Peg)) (8) 

[0042] Thence, 

20 

Basic rotational speed ofO of the front shaft 

= V.(pf/pcg) (9) 

25 

Basic rotational speed orO of the rear shaft 

= V(pr/pcg) (10) 

30 

[0043] By using the above equations, the basic rota- 
tional speed difference ANO, viz., ANO = orO - of0 : can 
be computed. A difference (AN - ANO) indicates a quan- 
tity of slip actually occurring. 

35 [0044] KT0 is a presetted proportional coefficient de- 
pending on the transmission output torque To, and the 
value becomes larger with an increase of the transmis- 
sion output torque To so as to decrease the difference 
rotational speed. 

40 [0045] The yaw-rate feedback torque setting unit 44 
receives the wheel speeds of1 , ofr, orl, orr, the steering 
angle 6H, and yaw rate T. And the yaw-rate feedback 
torque setting unit 44 compares an actual yaw rate to a 
predetermined target yaw rate V of the vehicle body, 

45 which is determined by the vehicle speed V and the 
steering angle 6f, and computes a yaw rate feedback 
torque Ty to be increased or decreased so that these 
yaw rate are equal to each other. Finally, the yaw-rate 
feedback torque setting unit 44 outputs the computed 

50 yaw rate feedback torque Ty to the transfer clutch torque 
setting unit 46. Thus, the yaw-rate feedback torque set- 
ting unit 44 is provided as yaw-rate feedback torque set- 
ting means. 

[0046] Specifically, the target yaw rate T is computed 
55 by using the following equation (11). 

Y' = (1/(1 + T • s)) - (1/ (1 + (1 + A - V 2 )) 
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(V/L) of (11) 

wherein T is a time constant, and s is a Laplace operator. 
[0047] Then, a yaw rate difference AY ( = Y' - Y) (T = 
target yaw rate and Y = actual yaw rate) is computed, 
and the yaw rate feedback torque Ty is selected so that 
the yaw rate difference AY is reduced to zero (0). 
[0048] The third torque setting unit 45 receives wheel 
speeds wfl, arfr, curl, a>rr, an estimated road surface u. val- 
ue lie, and an understeer-tendency restricting signal, an 
oversteer-tendency restricting signal, or a non-opera- 
tion signal for the braking force control. The third torque 
setting unit 45 computes a correction quantity Ttryh of 
the transfer clutch torque Ttr when the braking force 
control unit 31 is restricting the understeer tendency or 
oversteer tendency, and outputs the computed correc- 
tion quantity Ttryh to the transfer clutch torque setting 
unit 46. 

[0049] The correction quantity Ttryh may be comput- 
ed in the following way. 

[0050] When the braking force control unit 31 is re- 
stricting the understeer, a predetermined minute torque 
AT is multiplied by a constant Kus to produce a correc- 
tion quantity Ttryh. 

Ttryh = Kus -AT (12) 

wherein the constant Kus is selected depending on the 
vehicle speed V and the estimated road surface u. value 
u,e. The constant Kus becomes larger with the increase 
of the vehicle speed V, and becomes smaller with the 
decrease of the estimated road surface u. value u,e. In 
other words, as the vehicle speed V increases, the cor- 
rection becomes larger to swiftly stabilize the vehicle be- 
havior. When the estimated road surface \i value jie is 
small, a variation of the correction quantity Ttryh is re- 
duced to be small in order to prevent a quick variation 
of the vehicle characteristics. As a tendency to the un- 
dersteer becomes strong, the correction is made toward 
the 4-wheel drive of 50 : 50 between the front and rear 
wheels, viz., so as to increase the transfer clutch torque 
Ttr. 

[0051] When the braking force control unit 31 is re- 
stricting the oversteer, a predetermined minute torque 
AT is multiplied by a constant Kos to produce a correc- 
tion quantity Ttryh. 

Ttryh = Kos -AT (13) 

wherein the constant Kos, as in the case of the constant 
Kus, is selected depending on the vehicle speed V and 
the estimated road surface u. value u.e. The constant Kus 
becomes larger with the increase of the vehicle speed 
V, and becomes smaller with the decrease of the esti- 
mated road surface u. value \ie. As a tendency to the 



oversteer becomes strong, the correction is made to- 
ward the 2-wheel drive of 100 : 0 between the front and 
rear wheels, viz., so as to decrease the transfer clutch 
torque Ttr. 

5 [0052] Since the FF basis 4-wheel drive vehicle is dis- 
cussed in the embodiment, the transfer clutch torque Ttr 
is varied as mentioned above. In the case of the 4-wheel 
drive vehicle based on the front engine/rear drive (FR), 
the variation of the transfer clutch torque is naturally re- 

10 verse in direction to that in the above-mentioned case. 
[0053] The transfer clutch torque setting unit 46 re- 
ceives an on/off signal indicating whether or not a torque 
down command by the traction control is outputting to 
the engine control unit 32, an understeer-tendency re- 

*5 stricting signal, an oversteer-tendency restricting signal, 
or a non-operation signal for the braking force control, 
and signals representative of torque-response-torque 
Tt, revolution-difference-response-torque Ts, and yaw 
rate feedback torque Ty, and if necessary, it reads the 

20 computed correction quantity Ttryh. 

[0054] Based on those signals received, the transfer 
clutch torque setting unit 46 sets the transfer clutch 
torque Ttr as in the following cases, and outputs the re- 
sultant to the transfer clutch drive part 40a. Thus, the 

25 transfer clutch torque setting unit 46 is provided as 
transfer clutch torque setting means. 
[0055] Where a torque down command by the traction 
control is not outputted to the engine control unit 32 and 
the braking force control is not active, the transfer clutch 

30 torque Ttr is setted as given below. 

Ttr=Tt + Ts + Ty (14) 

35 [0056] Where a torque down command by the traction 
control is outputted to the engine control unit 32 and the 
braking force control is not active 5 the transfer clutch 
torque Ttr is setted as given below. 

40 

Ttr = Tt (15) 

[0057] When the braking force control is active (irre- 
spective of the outputting of the torque down command 
45 by the traction control), the transfer clutch torque Ttr is 
set as given by the following equation, by using a cor- 
rection quantity Ttryh, which is varied and set depending 
on whether the braking force control is restricting the 
understeer tendency or the oversteer tendency. 

so 

Ttr = Tt + Ttryh (16) 

[0058] Thus, even if the braking force control unit 31 
55 and the traction control unit 33 operate, the transfer 
clutch torque Ttr is setted except only a torque compo- 
nent, which may interfere with those control quantities 
and the power distribution control is carried out. Accord- 
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ingly, an optimum power distribution control is continued 
without any excessive interference with the braking 
force control unit 31 and the traction control unit 33, 
whereby an excellent drivability is maintained without 
giving the driver any uncomfortable feeling. 
[0059] When the transfer clutch torque Ttr is varied 
with operation and non-operation of the braking force 
control unit 31 and the traction control unit 33, a delay 
is introduced into a variation of the transfer clutch torque 
Ttr as shown in Fig. 3. 

[0060] This is done by gradually incrementing a ratio 
of the transfer clutch torque Ttr, which is computed at 
the present computing step, to the transferclutch torque 
Ttr, which is computed at the preceding computing step, 
as described below. A transferclutch torque Ttrs finally 
outputted to the transfer clutch drive part 40a is comput- 
ed by 

Ttrs = (1 - kts) • Ttm-I + kts - Ttrn (1 7) 

wherein Ttrn-I : transfer clutch torque computed at the 
preceding computing step 

Ttrn : transfer clutch torque computed at the 
present computing step 

constant kts : 0 < kts < 1 , and the kts is determined 
depending on the steering angle Of, the vehicle speed 
V, and the estimated road surface u. value ne. For ex- 
ample, where the steering angle fif is large, the vehicle 
speed V is high and the estimated road surface u, value 
ne is high. The constant kts is selected to be large, 
whereby a varying rate of the transfer clutch torque Ttr 
is increased. Thus, the way of varying the transfer clutch 
torque Ttr by the operation/non-operation of the braking 
force control unit 31 and the traction control unit 33 is 
changed according to running conditions and driving cir- 
cumstances. By so doing, there is no chance that the 
transferclutch torque Ttr abruptly changes, and hence 
the control shifts to natural and optimum control. 
[0061] A front/rear drive force distribution control, ac- 
cording to the embodiment, will be described with refer- 
ence to a flow chart shown in Fig. 4. A program of the 
front/rear drive force distribution control is repeated at 
predetermined time intervals. In a step (abbreviated as 
"S") 101, the program reads necessary parameters. 
[0062] Then, the program advances to a S102. In this 
step, the transmission output torque computing unit 41 
computes the transmission output torque To by using 
the equation (1). Then, the program advances to a step 
S103. In this step, the first torque setting unit 42 sets a 
torque-response-torque Tt by using the equation (3) and 
limiting it by the lower limit value for each road surface n. 
[0063] The program further advances to a step S1 04. 
In this step, the second torque setting unit 43 computes 
a revolution-difference-response-torque Ts by using the 
equation (4), and the program advances to a step S1 05, 
where the yaw-rate feedback torque setting unit 44 sets 
a yaw rate feedback torque Ty. 
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[0064] Thereafter, the program advances to a step 
S1 06. In this step, it judges and identifies the signal for 
the braking force control by the braking force control unit 
31 indicating that the understeer tendency is being re- 

5 stricted, the oversteer tendency is being restricted or the 
braking force control is not active. If the braking force 
control is restricting the understeer or the oversteer, the 
program goes to a step S1 07. If the braking force control 
is not active, the program proceeds to a step S111 . 

10 [0065] When the program proceeds to the step S1 07 
in a state that the braking force control is active, the pro- 
gram judges as to whether or not the understeer ten- 
dency is under restriction. If the understeer tendency is 
under restriction, the program goes to a step S108. In 

15 this step, the third torque setting unit 45 computes a cor- 
rection quantity Ttryh by using the equation (12). There- 
after, the program advances to a step S109 where the 
transfer clutch torque setting unit 46 sets a transfer 
clutch torque Ttr by using an equation (1 6), viz. Ttr = Tt 

20 + Ttryh. 

[0066] If the understeer tendency is not under restric- 
tion, viz., the oversteer tendency is under restriction 
(step 1 07), the program goes to a step 51 1 0. In this step, 
the third torque setting unit 45 computes a correction 
25 quantity Ttryh by using the equation (13). Thereafter, the 
program advances to a step S109 in which the transfer 
clutch torque setting unit 46 sets a transfer clutch torque 
Ttr by using the equation (16). 

[0067] When the program judges that the braking 
30 forcecontrol is not active (S1 06), and advances to a step 
Sill, and in this step, it judges whether a torque down 
command by the traction control is outputting to the en- 
gine control unit 32 or not, 

[0068] If the torque down command by the traction 
35 control is outputting to the engine control unit 32, the 
program advances to a step S1 1 2. In this step, the trans- 
fer clutch torque setting unit 46 sets a transfer clutch 
torque Ttr by the equation (15), viz., Ttr - Tt. 
[0069] When the torque down command by the trac- 
40 tion control is not output to the engine control unit 32, 
the program advances to a step S113. In this step, the 
transfer clutch torque setting unit 46 sets a transfer 
clutch torque Ttr by using the equation (14), viz. Ttr = Tt 
+ Ts + Ty. 

45 [0070] When the program ends the setting of the 
transfer clutch torque Ttr in the step S 1 09, s1 1 2 or S1 1 3, 
the program advances to a step S114. In the step, only 
when the program has executed the step S1 09, S112 or 
S113 in the first program execution, the transfer clutch 

so torque setting unit 46 performs a first torque change 
processing of the equation (1 7), and sets a final transfer 
clutch torque Ttrs. And it outputs the resultant to the 
transfer clutch drive part 40a. 

[0071] As described above, in the present embodi- . 
55 ment, even if the braking force control unit 31 and the 
traction control unit 33 operate, the transfer clutch 
torque Ttr is set except only a torque component, which 
may interfere with those control quantities and the pow- 
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er distribution control is carried out. Accordingly, an op- 
timum power distribution control is continued without 
any excessive interference with the braking force control 
unit 31 and the traction control unit 33, whereby an ex- 
cellent drivability is maintained without giving the driver 
any uncomfortable feeling. 

[0072] Specifically, the optimum power distribution, 
which is the primary advantageous feature of the 
4-wheel drive, is maintained, and an excessive wheel 
slip is prevented by the braking force control and the 
traction control. Accordingly, an ideal running perform- 
ance is exhibited. Improvements of the control are easily 
achieved by changing only the front/rear power distribu- 
tion control, without changing the braking force control 
and the traction control. Further, when the braking force 
control and the traction control are active or not active, 
the transfer clutch torque Ttr is varied gently as de- 
signed. Accordingly, the vehicle characteristics variation 
caused when the front/rear power distribution is varied 
is also gentle. Accordingly, the control is natural and 
easy to be handled. The 4-wheel drive system as an ob- 
ject to be controlled may be the FF (FR) basis 4-wheel 
drive system having the differential mechanism or any 
other type of 4-wheel drive system, in addition to the FF 
basis 4-wheel drive system without the differential 
mechanism, which is used in the embodiment. In this 
respect, the invention is very versatile in use. Also when 
the invention is applied to another type of the 4-wheel 
drive system, the measure required is simply to change 
the control characteristics. In the embodiment, the ve- 
hicle motion control is described in two forms, the brak- 
ing force control and the traction control. If required, ei- 
ther of them may be used. It is evident that the invention 
is likewise applied to any other vehicle motion control, 
e.g., rear-wheel steering control, right/left drive force 
distribution control or the like. 

[0073] As seen from the foregoing description, even 
when the vehicle motion control device operates and 
controls a vehicle motion, even when the vehicle motion 
control unit operates and performs a vehicle motion con- 
trol, an optimum power distribution control is continued 
without any excessive interference with the vehicle mo- 
tion control, whereby an excellent drivability is secured 
without giving the drive any uncomfortable feeling. 
[0074] While there have been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various chang- 
es and modifications may be made therein without de- 
parting from the invention, and it is aimed, therefore, to 
cover in the appended claim ail such changes and mod- 
ifications as fall within the true spirit and scope of the 
invention. 



Claims 

1. A power distribution control system for a vehicle 
comprising: 



a vehicle motion controller for controlling a mo- 
tion of the vehicle, 
a power distribution controller and, 
a clutch of a torque transmission capacity var- 
5 iable type operated by an operating torque set 

by said power distribution controller, 

wherein said power distribution controller 
includes: 

10 first torque setting means for computing a 

torque response torque that is based on an 
input torque received from a drive source 
and distributed to the front and rear wheels, 
second torque setting means for comput- 

15 ing a revolution difference response torque 

based on a revolution difference between 
a front shaft and a rear shaft and, 
operating torque setting means for com- 
puting said operating torque using at least 

20 said torque response torque and said rev- 

olution difference response torque, 

wherein when said vehicle motion con- 
troller operates said operating torque setting 
25 means and computes said operating torque ex- 

cept said revolution difference response 
torque. 

2. The power distribution control system for the vehi- 
30 cle as set forth in claim 1 wherein: 

said vehicle motion controller controls a motion 
of the vehicle as intended by detecting a ten- 
dency of oversteer of the vehicle and a tenden- 

35 cy of understeer of the vehicle and, 

said operating torque setting means computes 
said operating torque when said vehicle motion 
control means operates in such a manner that 
correction quantities based on the oversteer 

40 and understeer tendency are added to said op- 

erating torque. 

3. The power distrbution control system for the vehicle 
as set forth in claim 2 wherein each said correction 

45 quantity is selected depending on at least the vehi- 
cle speed and the road surface friction coefficient. 

4. The power distribution control system for the vehi- 
cle as set forth in claim 2 wherein each said correc- 

50 tion quantity is selected depending on either of a 
vehicle speed or a road surface friction coefficient. 

5. The power distribution control system for the vehi- 
cle as set forth in any one of the preceding claims 

55 wherein said operating torque setting means intro- 
duces a prescribed delay into a variation of said op- 
erating torque when said operating torque is varied 
with the operation of said vehicle motion controller. 
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6. A power distribution control system for a vehicle 
comprising: 

a vehicle motion controller for controlling a mo- 
tion of the vehicle and 

a clutch of a torque transmission capacity var- 
iable type clutch operated by an operating 
torque set by said power distribution controller 
wherein said power distribution controller 
includes: 

first torque setting means for computing a 
torque response torque that is based on an 
input torque received from a drive source 
and distributes drive power to the front and 
rear wheels, 

second torque setting means for comput- 
ing a revolution difference response torque 
based on a revolution difference between 
a front shaft and a rear shaft, 
yaw-rate feedback torque setting means 
for computing a yaw rate feedback torque 
based on a yawing state of the vehicle and, 
operating torque setting means for com- 
puting said operating torque using at least 
said torque response torque said revolu- 
tion difference response torque and said 
yaw rate feedback torque, 



10. 
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The power distribution control system for the vehi- 
cle as set forth in any one of claims 6 to 9 wherein 
said operating torque setting means introduces a 
prescribed delay into a variation of said operating 
torque when said operating torque is varied with the 
operation of said vehicle motion controller. 

The power distribution control system for the vehi- 
cle as set forth in any one of claims 6 to 1 0 wherein 
said operating torque setting means introduces a 
prescribed delay into a variation of said operating 
torque, when said operating torque is varied with 
the operation of said vehicle motion controller 



wherein, when said vehicle motion con- 30 
trol means operates said operating torque set- 
ting means computes said operating torque ex- 
cept said revolution difference response torque 
and said yaw rate feedback torque. 

35 

7. The power distribution control system for the vehi- 
cle as set forth in claim 6 wherein, 

said vehicle motion controller controls a mo- 
tion of the vehicle as intended by detecting a tend- 
ancy of oversteer of the vehicle and a tendency of 40 
understeer of the vehicle and, 

said operating torque setting means com- 
putes said operating torque when said vehicle mo- 
tion control means operates in such a manner that 
correction quantities based on the oversteer and 
understeer tendency are added to said operating 
torque. 

8. The power distribution control system for the vehi- 
cle as set forth in claim 7 wherein each said correc- so 
tion quantity is selected depending on at least a ve- 
hicle speed and a road surface friction coefficient. 

9. The power distribution control system for the vehi- 
cle as set forth in claim 7 wherein each said correc- 55 
tion quantity is selected depending on either of a 
vehicle speed or a road surface friction coefficient. 
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